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1. INTRODUCTION 
1 1 The enamines have a tremendous potential for elertrophilic substitutLon 
reactions leading to an intensive exploration ot enamine cheinistry. Stork 
1 2 
and his co-^orkcrc ' published in 1954, the general utility of enamines 
for the acylatLon and aJkylation of carfconyl compounds. Besides, the ambident 
nature of the vinylic nitrogen system, the stere^Blectronic factors govern-
ing i ts reactivity, stability and spectrascopic proportios were also intensively 
studied. 
U •N' 
( 1 ) ( 2 ) ( 3 ) ( A ) 
Cyclic enamines (1), (2), (3), (4) x.e., N-pyrrolidino cyclop2ntene, 
N-pyrrolidinD cyclohexene, N-morpholmo cyclopentene and N-morpholmo 
cyclohexene were very widely used for reactions with various typ»33 of 
heterocyclic substrates lea img to some novel compounds of biological impor-
tance and involving interesting reaction mechanisms. Since the enamines 
are good nucleophilic reagents, there 2s the possibflity of the double bond 
of the cyclohexene or the cyclop3atene to a t tack the electrophilic sites 
such as -C-H, -C- , >C-N-, )C==S, e t c . and also where the carbon can acquire 
a partial +ve charge due to polarization. Toe structures of enamines are 
stabilized by resonance (Schem<3 1). Since the present investigation relates 
2 
to the reaction of the cyclic ena nines with oxazolon^s, a review of the 
work reported on the reactions of N-pyrroJidino cyclopentene, N-pyrrolidino 
c: 
(2) 
Q 
(2 ) 
© Y 
N© 
- ^ 
Scheme 1 
<Af 
N® 
t 
cyclohexene, N-morpholino cyclopentene and N-morpholino cyclohexene 
with various heterocyclic substrates has been presented in this chapter. 
1.1 Reactions of enamines with three-membensd rings 
1.1.1 The reaction of N-pyrrolidino cyclohexene (2) with aziddine exemplified 
by N-carbethoxy aziriidine (5) led to the formation of the bicyclic pyrrole 
system (6) (Scheme - 2). 
^N\. 
(2) 
+ P:N-C-0C2H5 
( 5 ) 
3 
t 
CO2C2H5 
Scheme 2 
1.1.2 The reaction of the enamine (2) with styrene oxide (7) proceeded 
in dne same manner which resulted in the discovery of a new and facile 
4 
route to the synthesis of bicycio furano compounds (8) (Scheme 3). 
-fPh-CH-CHo 
V 
(7) 
COOH 
0- >h i2^ 
.N 
0 Ph 
(8) 
Scheme 3 
1.2 Reactions of enamincs with four-mem beted rings 
1.2.1 The reactions of N-morpholino cyclohexene (4) wit± diketene (9) 
leading to the formation of Y" -py^ones or 1,3-diketones (10) found wide 
applicability in various organic reactions ' ' ' (Scheme 4). 
( A ) 
' ^ 
+ 
0 
t 
— ^ 
( 9 ) 
i 
Scheme 4 
1.2.2 In the absence of water, the reaction between N-pyrrolidino cyclo-
hexene (2) with butyro lactone (11) resulted in the formation of 0 -keto-
acid amide (12) involving an interesting reaction p a t h w a y " ' ^ (Scheme 5). 
5 
(2) 
6 + 
5 - 0 ^ 
t 
0 
(11) (12) 
removal 
of 
/ ^ , 0 •N. 
Scheme 5 
1.3 Reactions of enamines with five-membered rings 
1.3.1 The reaction of N-pyrcolidino enamines (1) & (2) wit±i five-membered 
sulphur contBining heterocyclic compounds (13) yielde^d products viz., bicyclic 
thiophene system (14) and a novel fused nine-membered sulfur containing 
11 hcterocycle (1 "V 
8 
Ph 
•S 
(13) 
> 
S H-
n = 2.3 
^(CH2)n 
( 1 ) ( 2 ) 
R= H 177o 
R = Ph 27'/o 
(U) 207, 
Scheme 6 
1.3.2 The reaction of ena."nines with cyclic nittrones (16) gave the expected 
bicycl ic system (17) which underwent hydrogenolysis to (18) regiospecifLcally 
in the presence of HVPd (Scheme 7). On t rea tment with HCl (19) was 
0 
I n t , 
Ph i i .Ph 
produced 
(19) 0 H 
Scheme 7 (18) 
1.3.3 Substituted oxazincs (21) wore obtained by the reaction of enaminc 
with oximes (20) (Scheme 8). 
n = 3 . 2 
Scheme 8 
1.3.4 The reactions of cyclic enamines namely N-pyrro]idino cyclohexene 
and N-morpho]ino cydohoxene with 2-substLtuted 4-benzylijdene-5-oxazoloncs (22) 
gave novel bicyclo nonane-2,9-dione (23) and the reaction of the enamines 
with (25), (28) gave tetrahydro-1-aza-indan-3-ones (26), (29) and acyl cinnam-
aifudes (24), (27), (30), (32) were formed as co-products. The reaction of 
enamines with oxazolones open a new W5y t o synthesize various novel hetero-
cyclic systems (Scheme 9). 
Ph, H 
N 
Ph > 
0 ^ 
(22) 
• 0 
Ph(;:HN 
o 
Ph 
PhfjHN 
N 
I I 
R = 
-\} 2^) 
(23) O (2A) 0 
= —N 0 (A) 
\ f 
h 
HoC 
H Ph 
PhCHN 
(27) 
C -R 
II 
0 
(26) 
Ph^ ^H 
.0 - f 
/ N« 
(31) ^0 -
(4) 
*^+( XI )+ 
0 
H3CCHN 
N 
0 
(30) 
(29) 
P h . M 
(XI) + 
H3CCHN 
O 
C - N 
(32) 
R 
(33) 
H s C ^ / C H 3 
0 
II 
XHN" 
Ph 
(3A) 
C -R 
II 
0 
Scheme-9 
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1.4 Reactions of ena mines with six-membered rings 
1.4.1 The Diels-Alder reaction of ena mines with 1,2,4-tnazines (35) resulted 
in the formation of annelated pyridines (36), (37), (38) direcay^^'^^ (Scheme 10). 
(35) 
CHCl3.25C.1.5h 
45°C. 35h 
7A°/o (36) 
(35) 4-
(35) -f-
CHCl3.A5C.39h 
< 30 7o(37) 
CHCI3.A5C.23h 
A0'/o(38) 
Scheme 10 
1.4.1.1 The mechanism of the formation of annelated pyridines from ena "nines 
and 1,2,4-triazLnes is presented in Scheme 11. 
10 
N' 
-N2 ~^^r 
H 
N 
Scheme 11 
1.4.2 The reaction of N-pynrolidino cyclohexeoe (2) wit±i 1,2,3-bdazine (39) 
17 yielded 2,3-disubstituted ' - ' j idines (40) wit±i a loss of N2 and pyrrolidine 
from t±ie initial hicyclo-adducts (Scheme 12). 
N ^ dry CHCI3 
II 
(39) 
100*'. 
(AO) 
Scheme 12 
11 
1.4.2.1 The alkaloid isolated and characterised by Edwards and Elmore 
18 from South Ame}±can Plant Fahiana irrthricata is synthesLzed hy the reaction 
of the mixture of isomers of 41 and 41 (a) 
17 
azines (Scheme 13). 
(Ala) 
II 
(39) 
50-60 C 
21h 
with 1,2,3-tri-
c ; ^ 
Scheme 13 U3) 
1.4.2.2 The mechanism of the reaction of enamines with 1,2,3-triazines 
(Scheme 14) is given b.iLow. * 
II 
-N-
H 
•N^N 
Scheme 14 
1.4.3 The reaction of enamines with 1,3,5-triazines (44) led to the forma-
19 tion of substituted pyrimidines (45) (Scheme 15). 
•N' 
.N, 
-H 
( A A ) 
dioxane 
90" C 5h 
( 1 ) 
Scheme 15 
( A 5 ) 727o 
1.4.3.1 The mechanism of the enamines with 1,3,5-triazine leading to pyrL-
midines is presented in Scheme 16. 
K 
Scheme 16 
IS 
1.4.4 'I'ho reaction of N-pyrrolidino cyclopenten? (1) with diphenyl t e t ra -
zines (46) provided a direct route to the synthesis of diazines (47) involving 
an interesting mechanistic approach ' (Scheme 17). 
Ph 
N 
N 
I 
N 
+ ^N' 
Ph 
(A6) (1) 
t 
Ph 
N 
I 
N 
N 
N 
1 
N 
- N 2 
Scheme 17 
1.4.5 The reaction of 2 and 4-vinyl-pyriidines (48), (50), (52) with enamines 
resulted in the formation of heterocyclic ethylated ketones opening a 
2 
convenient route to heterocyclyl ethylation of cyclic ketones (49), (51), 
(53) (Scheme 18). 
14 
+ 
(1) (2) 
(1 ) ( 2 ) + 
. - - ^ ^ 
N ^
 
(50) 
r^ '^^ 
(49) 
(CH2)n 
n= 2.3 
N ^ 0 ' 
(51) 
•(CH2)n 
(1) ( 2 ) H-
^ 
rA^ 
(52) 
(CH2)n 
(53) 
Scheme 18 
1.4.5.1 The mechanism of the reaction between 2-vinyl-pyridine and enamines 
(2) is pi'esented in Scheme 19. 
15 
R = 
"G 
H2O r ^ ^ R 
^ . N' 
Scheme 19 
1.4.6 AntineoplastLc cyclohexiniide (55) and related compounds were synthe-
sizod by acylating (54) with the enamines (3), (4) followed by hydroly-
22,23,24 
S I S (Scheme 20). 
(55) 
Scheme 20 
IB 
1.4.7 The reaction of N-pyrrolidinocyclopentene (1) and N-pyrrolijdino 
25 
cyclohexene (2) with oxazines (56) led to the formation of pyridines (57) 
(Scheme 21). 
-f 
(56) n= 2.3 
(CH2)n 
Scheme 21 
1.4.8 o^-Pyrldyl cyclohexanones (59) were synthesized by the reaction 
of morpholino cyclohexene (4) with pyridine N-oxide (58) in the presence 
of acyl chloride and tosyl cliloride 26,27 (Scheme 22). 
4-
R COCI 
TsCI 
(59) 
Scheme 22 
1.5 Reaction of enamines with fused bdcydic systems 
1.5.1 Tne reactions of ena mines of cyclopentanone (3) and cyclohexanone (2), 
17 
\ . 
/ 0 
(60 ) + 
(4) witli isobenzfuroxan (60) provided a route Cor the synthesis of quinoxa-
lines (63), (62), (61) and their derivab-ves^^'^^ (Scheme 23). 
0 
t 
N 
N 
i 
0 
(60) 
(60) + 
Scheme 23 
0 (63) 
1.5.2 Synthesis of azu].ene denvat ivcs (65) from trop<3noid comf.xDunds 
IS exomphfLed by the reaction of enamines (1), (2) with 2H-cyclohepta 
(b)furan-2-ones'^'^ (64) (Scheme 24). 
J 8 
(6A) 
XCH2)n 
(1 ) . (2 ) 
n= 2,3 
1.5.3 Nucleophilic addibons of enamines of cyclohexanone (4), (2) to 
6,7-dicarbethoxypyrazolo(1,5a)pyrimidmo-3-carbonitnle (67) in the presence 
31 
of boron tnfluon.de resulted in the formation of BF-, complexes (68), 
(69) (Scheme 25). 
COoEt 
Et02C ' ^ 
,0 , 
( 6 7 ) (A) (68) H (1^ 
( 6 7 ) + 
Et02C 
Scheme 25 
(69) 
19 
1/3.4 2-QaLnoliny]-2'-cyclohexanoncs (71) wore syntli ;sizcd by the reaction 
26,27 
ot enamanes (4) with qumolme-N-oxides 
^0 
(70) (Schen > 26). 
•N 
-t-
(A) 
Scheme 26 
l.S.S Novel bTcyclic systems (73) involving interesting mechanism v/ere 
32 
obtained on the reaction of qumolme salts (72) with N-morphilinocyclohexene 
( 4 ) (Scheme 27). 
,0 
" - N - ^ 
-h 
( 4 ) (72) 
Scheme 27 
1.5.5 The reaction of N-pyrrolidmo cyclopentcne (1) and N-pyrroJidmo 
cyclohexene (2) with qumoxahne salts (74) resulted in the formation of 
novel tncycl ic heterocyclic compounds ' (75) (Scheme 28). 
20 
(7A) 
1.5.7 Tlic reaction of N-morpholino-cyclohexenc 'J) wit±i o-thioqumone 
methide (76) resulted in (77) which is a 1:2 N-morphihno a d d u c e . 
(Scheme 29). 
( 7 6 ) 
Ph Ph 
Scheme 29 
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2. THE REACTIONS OF N-PYRROLIDINO CYCLOHEXENE WITH 
2-METHYL-4-BENZYLIDENE-S-OXAZOLON.e 
2.0 Prior \fiork 
2.0.1 The reaction of enain.ines with 2-substituted-4-benzylix3ene-5-oxazolones 
14 
was studied by R.V. Vea-'cataratnam e t al resulting in the formation of 
several novel compounds. " A general pathway was proposed involving two 
most probable intermediates (I) and (D to account for the formation of 
dic^ products (Scliomo 1). 
Bicyclononanes 
0 CHPh 
R H 
a) Intramolecular cyclizatioi 
b) Hydrolysis 
c) external enamine 
addit ion 
d) Cyclization 
e) Deamination 
a.b 
Bicyclononanes 
R r C g H s . C H a 
Scheme 1 
22 
2.0.2 In the same invostLgation, reaction of N-pyrrolidino cyclohexene 
[2) with the 'Z' isomer of 2-methyl-4-benzylidene-5-oxazolone []) was found 
to yieJd proi:3ucts (3^ ) and {5} and an unidentified compound XC. Under simiLar 
conditions, t!"!e reaction between N-morpho3ino cyclohexene(4) & (_1^) produced (5^ ) 
and the unidentified compound (XI) (Scheme 2). 
• N . 
(2) 
( 3 ) 
+ H 
H-^ CCN' 
"^  0 
H 
8 ^ 
( 6) 
Scheme 2 
23 
2.1 Present work 
In the present work, the reactions bstween (J_) and {2} and 
{]_) and (4_) have been re-in/est igated with a view to isolate and characterise 
the unidentified prooluct (XI) obtained from both the reactions and incidentally 
a t t empt to throw more light on the mechanistic pathway proposed earlier. 
2.1.1 The typical procedure adopted in carrying out the reaction and in 
isolating the product is descrihed below briefly. Details may be found 
In the experimental section. 2-Methyl-4-benzylidene-5-oxazolone (2) (0.05 m) 
and N-pyrrolidino cyclohexene (2^ ) (0.06 m) dissolved in dry banzene (100 ml) 
was allowed to r eac t a t room temperature, until the presence of {]) could 
no longer be detected on TLC (1 h). After removal of the solvent under 
vacuum, the reaction mixture was fractionated by column chromatography, 
over sUica gel (acme, 80-120 mesh), by stepwise elutLon using banzene, 
mixture of benzene and acetone and finally methanol, yielding se-.'en frac-
tions which were further purified by repeti t ive column chromatography 
(silica gel acme, 80-120 mesh) and recrystallizatLon resulting in six products 
designated as compounds (A), (B), (C), (D), (E) and (F) in the order of decreas-
ing mobility. 
2.1.2 In the present investigation, three new products have been isolated 
viz., (A), (B) and (C). While (A) and (B) form a pair of closely resembling 
structures, (C) is lil^ely to arise out of tho 'v^iciiafl addition pathway. 
Compound (D) corresponds with the unidentified product (XI) reported in 
14 
earlier studies , as this has been isolated in the reaction with N-morpholino 
N 
X 
o o 
n O 
O 
U. _ 
• U 
< O 
Q <-> 
z 3 ^ 
o o 5t 
O IT) 10 
X 
g 
a. 
UJ 
24 
cyclohexcne also. (E) and (F) are tho azaindanone and the cinnamamide 
derivatives respectively. 
2.2. Compounds (A) and (B) 
2.2.1 The products designated as compounds (A) and (B) have the same 
molec'jlar formula C-,^ H„ ,N„0^ and have the similar spectral properties, 
excepting that they showed a marked difference in the methylene envelope 
of tlncir H NMR spectra which enabled the assignment of structures (2) 
and (8^ ) respectively. 
C6H5 H 
(8) 
(B) 
2.2.2 The H NMR spectrum of compound (A), ^ 2 . H2gN202 shown 
in Fig. 1, appears to be a combination of the H NMR spectra of 2-methyl-
4-benzylidene-5-oxazolone (2) C^ .HpNOp and the N-pyrrolidino cyclohexene 
{2} C.A{ n (Table 1) suggesting that is a 1:1 adduct. There are signals 
for 26 protons in the rat io 2:3:1:2:4:2:12 in the proton spectrum which could 
be accounted for on the basis of the s tructure (2). The appearance of 
the .signals of the mono substituted phenyl substituent of the benzyUdene 
group a t - 7.81-7.78 (2H) and 7.25-7.17 (3H) and of vinylic proton which 
appears merged in the aromatic envelope suggests tha t the a t tack of the 
25 
Table 1 
U N_MR " 
Assignment 
Aromatic 
Vinylic 
- C D , 
Mothinc H 
-NCH 
1 
'?] NMR of compounds (A), (B), (1) 
(A) 
7.81-7.78(2H)(m), 
7.25-7.17.(?H)(m). 
7.25-7.17(1H), 
merged in one 
se t of aromatic 
protons. 
2.49{3ll)(s) 
1.56(s) 
Two sets due to 
non-equivalence 
2.87(2H){m), 
2.21(2H)(m) 
Other CH2 1.86-1.25(12H)(m) 
protons 
* Chemical shift values are expressed 
ini-'^ i-nnl ntandard. 
(M) 
7.81-7.78 
7.25-7.17 
{3H)(m) 
7.25-7.17 
(1H) merged 
in one se t 
of aromatic 
protons. 
2.49(3H)(s) 
1.81(s) 
Two sets due 
to non-equi-
valence 
287(2H)(m) 
2.21 (2H)(m) 
and (2)* 
(1) 
8.06-8.01 
(2H)(m), 
7.46-7.38 
(3H)(m). 
7.12(1H)(s) 
2.38(3H)(s) 
- -
F 
1.86-1.25 
(12H)(m) 
in ppm with TMS as 
(2) 
-
-
-
One set 
of four 
protons 
3.06-2.90 
(4H)(m) 
2.09-1.72 
(12H)(m) 
enamine was on the carbonyl carbon of oxazolone. The chemical shifts 
of the methyl signals a t 2.49 (s) (3H) compares closely with tha t of -N-COCH^ 
present in the azaindanone ( 2.48). The chemical shift of the bridge head 
mcthine proton appears a t 1.56. The signals assignable to two sets of 
INI 
O 
u. 
m 
o 
o 
n S 
o 
a 
m 
u 
o U 
»-
z. Ui 
r: 
o 
«n 
N 
X 
o 
8 
X 
Q 
? 
£1. 
IJ 
U 
< in 
2f; 
N-methylene protons are a t 2.87(m) and 2.21 (m) and the res t of the 
12 proton methylenic envelope is assignable to the remaining methylenic 
protons of the N-pyrrolidino cyclohexene part in the H NMR spectrum 
of compound A. The non-equivalence of 2 se ts of N-methylenic protons 
suggests that there is a restr icted rotation about the C-N-bond, accountable 
on die proximity of the -N-COCH-^ grouping. 
1 
2.2.3 H NMR spectrum of compound (B) C2iH2gN202 shown in Fig.2 
and abridged in (Table 1), is similar to that of compound A, suggesting 
that the two are isomeric. The major difference lies in the relative intensities 
of some of the signals in the region of the methylenic envelope 1.81-1.56 
Fig.3. I t is discemable that the methine proton resonates in (A) a t 1.56 
is shifted to 1.81 in (B) causing the observed difference in the intensities 
in the methylenic envelope. Since there is absolutely no difference in the 
resonance positions of the non-equivalent N-methylenic protons in both 
the spectra i t is rational to assume that the same disposition of the N-pyrro-
lidino group a t the ring junction exists in both compounds. Interestingly 
die ting junction proton in (A) is more inclined axially ( 1.56) relative 
to the methine proton in (B) { 1.81). Thus if an equatorial disposition 
is assumed for the methine proton in (B), naturally the disposition in (A) 
is to be labelled as axial. Consequently (A) and (B) tecome trans and cis 
isomers respectiveiy. 
2.2.4. The mode of formation of products (A) and (B) can be reasonably 
deduced starting from the reactive intermediate (I') formed in the reaction. 
27 
This intermediate can exhibit equilibrLum as shown below and the resulting 
products arc either trans or d s according as the mode of cyclisation of 
the azlactone residue is equatorLal-equatorial or axial-equatorial. 
^ (Az) 
CIS 
28 
The alternative modes of cyclisations of the a2LLactone residue, viz., 
equatorial axial and axial-axial respectively from the two equiUbrium par t -
ners being thermodynamicalLy and sterically unattainable, i t is not rat ional 
to expect the formation of d s - t r ans pairs having the N-pyrrolidino group 
1 
in the equatorial position. The evidence obtained from H NMR unequivo-
cally establishes the structures as {1) and (£), as the two spectra are identical 
except for the resonance signals of the axial me thine proton in (2) and 
equatorial me thine proton in {Q). 
2.3 Compound (D) 
2.3.1 This product, a white solid, m.p. 168-170°C (ethyl acetate) has been 
isolated in the reactions of N-pyrrolidino cyclohexene and N-morpholino 
cyclohexene with 2-methyl-4-benzylidene-5-oxazolone and corresponds to 
the uncharacte3dsed product (XI) reported earHer. The structure of this 
product has been established in this study as (9^ ). 
(b)H^ 9^^^.H(c) 
(a)H 
(D) 
; of 
compound (_D_) gave the elemental composition as C^-yH^nO-^N. I ts IR spectrum 
14 
resembled closely that of bicyclononadione (V) reported by earlier workers . 
A comparison is given in (Table 2). I t is evident that a 1,3-dicarbonyl 
2.3.2 High resolution mass analysis  the molecular ion of M '285 of 
ID 
tD LO O 
"? T ^ 
CO t~- r -
r - i~- vO 
N 
X 
N 
X 
o .^g 
° S J 
Q • • 9 
i ^  ^ 
g 5 S 3 
2 5 ^ 
o o ? 
o i^ in 
2U 
13 
system is present. This is confirmed by C NMR spectrum of the compound 
Fig. 3 which shows two carbonyl carbon signals a t 210 and 204. The 
other characterist ic ones are 170 (NHCOCH^) and 17.93 (NHCOCH,). 
170 (NH^OCH^) and 
A comparison of the H NMR data (Table 2) shows the d o s e similarLty 
Table 2 
IR Mass 
Compound D 
^H NMR IR 
Bicyclo nonane-2,9-dione (V) 
1 
14 
Mass H NMR 
KBr cm 
3320 (NH), 
1740,1710 
(1,3-di-
carbonyl), 
1660 
o 
(NH_C^CH2) 
285 
. + 
7.26(5H)(m) 
aromatic, NH proton 
merged in aromatic 
multiple t, 
Ha: 5.78^J^j_^=9Hz 
Hb: 4 .58^ J^j^=9Hz, 
Jj^=11Hz, 
He: 3.02"^, 
1.84(3H) NHCOCH^ 
-1 KBr cm 
3310 (NH) 
1740,1710 
(1,3-di-
carbonyl), 
1630 
(NHCOC.H,) 6 5 
347 
7.7-7.1(10H)(m), 
NH proton merged 
in the aromatic 
multiplet, Ha: 6.51 
(broad), J^j^=8Hz, 
Hb: 4.8% 
J , =8Hz, J, =13Hz, 
ab be 
3.4-1.6 He and 
other CH„ protons. 
of the s tructures between V and compound D. The only difference between 
romixDunds (D) and (G) is tlic substitution of CH-^  for CgH^ in NHCOK 
[TortLon of compounds rosp«^ctively. The IR data show the characterist ic 
slufts in carbonyl stretching frequencies of NHC0CH3 ai^d NHCOC5H5. 
'J-
c6 
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Q 
o 
z 
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This IS reflected in the molecular formula too, as the starting material 
was 2-methyl-4-benzylidene-5-oxazolone. Hence the structure (9^ ) for com-
pound D. A bnef discussion of H NMR in the light of the structure (9^ ) 
1 
for compound D amply j j sbf ies the assignments. The H NMR spectrum 
Fig. 4 accounts for all the 19 protons. The singlet a t 1.89 (3H), NHCOCJi^) 
and die multiplct a t 7.32-7.24 (5H) CgHr- establish respectively the subsb.-
tuents a t 3 and 4 positions of the hLcydononadione. The NH signal which 
appears merged in the aromatic proton multiplet in the CDC1-, spectrum 
moves uplield to 6.47 in tlie C,D^ spectrum Tig. 5. Thus the aromatic 
region accounts for 5 phenyl protons and one NH proton. The azlactone 
backbone in the bicyclononadione system C(Ha)C(Hb){Ph)C(Hc)- is recognisa-
ble m the ^H NMR spectrum: Ha. 5.78^ J , 9Hz; Hb 4.58'^ J , 9Hz, 
•^  a,b a,b 
J, 11Hz; He: 3.02 (m). These values bear close similarity with those 
reported for the compound (V). Thus the structure of compound D is es tab-
lished as (9_). The mass spectrum of compound D, discussed in chapter 4 
shows interesting features charac tens t ic of the bicyclononadione system. 
2.4 Compound {Cj 
2.4.1 Compound (C) isolated in this study for the first b.me seems to 
bc^ the direct hydrolysis product of intermediate (I), in which a true 5-hydroxy 
oxazole stabilized by a substituent (cyclohexanone) in the four position 
has been considered. The spectral evidence adduced for the structure postu-
lated as (10) IS discussed in detail in the next section. 
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(10) 
(C) 
+ 
2.4.2 Compound (C) is a low melting white solid with M ' 285 isomeric 
with compound (D). IR (CHCl-,) cm 3400, 1730, 1660 indicates one carbonyi 
group assignable to the cyclohexanone and a hydroxyl group with probably 
intra molecliar hydrogen bonding. The presence of the hydroxyl group is 
confirmed by ^H NMR Fig. 6 (Table 3) (CDCl^) 6.811 which sliifts to 
8.005 in (CD^)^CO; both being exchangeable with D^O. Since the reso-
nance resembles a phendic hydroxyl, i t is appropriate that the hydroxyl 
IS on an aromatic system, m tins case i t is the oxazolo system. The phenyl 
protons appear a t 7.88-7.77 (2H) and 7.43-7.35 (3H) showing that the 
o-phenyl protons have been deshielded by the oxazole substituont. There 
Table 3 
1 H NMR spectrum of compound C 
Chemical shift Assignment 
7.81 7.70 (2H)(m) 
7.5C -7 5 (3H)(m) 
6.81 '1H)(s) 
3.83(1 H)(broad) 
3.52(lH)(br nd) 
1 . ^ ( i H ) (lT|) 
2.85-1.25(rii) 
Aromatic protons 
Aromatic protons 
Hydroxyl proton (exchangeable with D2O) 
Ha 
Hb. 
Methyl protons merged in CH^ enveilope 
Odier CHp protons. 
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There is no vinyjic proton resonance in the spectrum. The lone proton 
on the benzylic carbon and the proton on the adjacent cyclohexanone carbon 
resonate a t 3.82 and 3.52 respectively. The splitting pattern, though 
not resolved, indicates doublet splitting on 3.82 and triplet cone, on 
3.52 each integrating for single proton. The methyl protons appearing 
a t 2.38 in the 2-methyl-4-benzylidene-5-oxazolone is shifted upfLeld to 
1.25 in compound (C) at tr ibutable to the 5-hydroxy oxazole system. Thus 
the salient features of the H NMR spectrum account for a s tructure of 
typo (10) which is also inddentalLy the hydrolysis product of the intermediate 
(I) formed by the Michael addition of the enamine to the oxazolone. 
2.5 Compound E 
2.5.1 Compound E has been characterised as the tetrahydro azaindanone 
derivative (J_1_) by spectral analysis and by comparison with earlier data. 
H5C6 r ^ 
(b)H 
I 
0 
H3C-CN 
oil (E) 
In the present work the stereochemistry of Ha, Hb and He protons 
1 
have been defined based on an analysis of the H N M R spectru m. 
1 
2.5.2 The m.p., e lemental composition, UV, IR H NMR and the mass 
spectrum of compound E showed close sLmilarity with the tetrahydro aza-
indanone (3) reported by earlier workers. A comparison is given in Table 4. 

Table 4 
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Compound E Compound X 14 
nl.p. 146°C 
,+M Mass 365 (M ") C23H2^02N 
IR KBr(cm"b 1700 ( C=0), 1675 
max 
(lactam C=0), 1660 
(N-COCH^) 
UV MeOH (log£.), 207 (4.23) 
max 
228 (3.98), 307 (4.06). 
'H nmr 4.74 (d, J Y J ^ = 4 . 8 1 Hz) 
3.50 (d,d; J ^ Y = 4 . 8 5 H Z , 
Jj^j^=10.95Hz) 
3.95(dt.Jj^^=l 0.95Hz, 
J , , = 4 . 2 H Z , J , , ^ = 1 0 . 9 H Z ) MB MX 
2.48 COCK-,, 1.2-2.7 other 
protons. 
1 4 6 ° C 
365 (M"^') C23H2-7O2N 
1700 ( C=0), 1675 (lactam C=0) 
1660 (N-COCH^) 
MeOH (log&), 207 (4.23), 
max 
228 (3.98), 307 (4.06). 
4.65^ broad J^j^=5Hz (Ha) 
3.58"^ (Hb and He) 
6.7-7.2 (aromatic protons) 
2.48 (COCH-,) 
1.2-2.7 other protons. 
2.5.3 The H NMR spectrum Fig. 8 shows the presence of all the 27 protons 
m Its molecular formula. The multiplet constttuting the Hb and He protons 
and the relative orientation of Ha, Hb and He protons was not determined 
in the earlier study. In the present investigation the signals for protons 
Ha (Y); Hb (X) and He (M) constituting a par t of ABMXY system have been 
analysed. The Ha signals appear a t 4.74 (d, J ^ ^ = 4.81 Hz). The Hb 
signals are a t 3.50 (d,d J v v = 4.85Hz and J „ ., = 10.95Hz). The signals 
A , 1 A , M 
34 
for the He proton appear as a doublet of triplets a t 3.95 (d, t, J 
10.95nz, J , , „ = Ca. 4.2Hz, J , , ^ = 10.9Hz). M,B M,X 
M,A 
The coupling constant J = 4.81Hz suggests that protons X and 
A , Y 
Y are in a skew conformation with a dihedral angle of about 45°. The 
couplmg constant J . , v ~ 10.9Hz suggests that these two protons are anb. 
to each other. Furthermore, the coupling constant J ^ = 10.9Hz suggests 
that the protons M and A are ant i to each other. The coupling constant 
J = 4.2Hz suggest tha t they bear axial-equatonal relationship. These 
stereochemical considerations are depic ted m structure (11 a_). 
Ha(Y) 
Hb(X) 
\ ph ; 
''•ring' 
(11a) 
2.5.4 The mass spectral fragmentation pat tern has been discussed in the 
chapter 4. 
2.6 Compound F 
2.6.1 The compound F is a white sohd with m.p. 162°C & has the molecular 
formula C - I - H I O N O O T - The IR spectrum resembled tha t of N-pymdhdino 
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cojinamamide reported by earlier workers and has been assigned, structure (12). 
It suggests the presence of NH (3150 cm ), CH,CONH (1640 cm and 
\ ^ N - C - (1680 cm ) groups 
O 
(12) 
2.6.2 The U NMR spectrum Tig. 9 shows the presence of all eighteen 
protons in i t s molecular formula. The singlet a t 9.45 is assignable to the 
NH proton (exchangeable with D^O) and i t is strongly hydrogen bonded. 
The five aromatic protons appear as a multiplet a t 9.41-7.28. The vmyhc 
proton resonated a t 5.7. The two NCH„ protons show non-equivalence 
by appearing a t 3.6 (2H) and 3.4 (2H) possibly due to restr icted rotation 
about the carbon - pyrrolidine nitrogen bond. The resolution be^tween the 
above signals is more pronounced m the spectrum recorded m acetone as 
solvent Fig. 10. The three protons of the N-acetyl group are located a t 
1.87. The remaining CH„ protoas resonate around 1.79. 
2.6.3. Formation of amides 
Tne possible routes for the formation of a "nides depend on the source 
of the amines ci ther from the enamine used or from the reaction medium. 
Since i t IS known that compound A and B are the precursors of the t e t ra -
hydroazaindanone (compound E) this reaction forms a source of amine from 
tlie reaction for the amide formation. 
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2.6.^ The mass spectral fragmentataon pattern has been discussed in chapter 4. 
2.7 Summary 
2.7.1 From the reaction between N-pyrrolidino cyclohexene and 2-methyl-
4-bonzylidene-5-oxazolone, six compounds (A),(B),(C),(D),(E) and (F) have 
been isolated by column chromatography and alphabeb-cally named in the 
order of elub-on. 
2.7.2 Compound 'A) and (B) {]_ and 'U are formed from the reactive in ter -
mediates (I') and give nse to azaindanone derivatives. The two products 
1 
differed from each other a t the nng junction. A study of the H NMR 
spectra indicates that the nng junction proton in compound (A) is inclined 
axiaHy and that of the compound (B) being in an equatorial position. There-
fore, the s tructures (A) and (B) have been taken to represent a trans and 
CIS pai r . 
2.7.3 The compound C has been identified as a new compound obtained 
by the direct hydrolysis of the intermediate (T)(Scheme 1 ). 
2.7.4 The compound (D) has been obtained for the first time in the r eac -
tion of 2-methyl-4-benzylidene-5-oxazolone and N-pyrrolijdino cyclohexene. 
It corresponded with the hicyclononane-2-9-dione reported by the earlier 
workers in their reaction between N-pyrrolidino cyclohexene with 2-phenyl-
4-benzyliden^-5-oxazolone. 
2.7.5 The compound (E) has been found to be the tetrahydroazaindanone. 
2.7.6 Compound (F) has been found to be N-pyrrolidino onnamamide deriva-
tive. 
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3. Till^ RRACTION OF N-MORPHOLTNO CYCLOHEXENE WITH 
2-M E'l' 11 Y L-4-BE N 7, Y UD I^  N E-5-0 X A Z O LO N E 
3.0 Prior work 
3.0.1 The reaction of N-morpholino cyclohexene(4)with Zisomer of 2-met±iyl-
14 4-benzylidene-5-oxazolone was reported to yield an unidenti&.ed compound XI , 
and N-morpholino cinnamamide, (6^ ) (Scheme 2 in section 2.02). The compound XI 
corresponded with tha t of the unidentified compound XI m the reaction 
of N-pyrrolidino cyclohoxeno with 2-mcthyl-4-bcnzylidenG-5-oxazolone. 
3.1 Present work 
In the present work, the reaction between N-morpholino cyclohexene 
and 2-methyl-4-benzylidene-5-oxazolone has been reinvestigated with a 
view to isolate and identify the uncharactensed compound XI. 
3.1.1 The procedure followed in carrying out the reaction between N-mor-
pholino cyclohexene and 2-methyl-4-benzylidene-5-oxazolone was similar 
to tliat adopted Cor the reaction of N-pyrrolidmo cyclohexene with 2-methyl-
4-benzylLdene-5-oxazQlone described m section 2.1.1. 2-Methyl-4-benzylidene-
5-oxazolone {J_) (0.05 m) and N-morpholino cyclohexene (_4) (0.06 m) dissolved 
m dry benzene (100 ml) has been reacted a t room temperature untxL the 
presence of (J_) could no longer be detected on TLC (1 h). The solvent 
has been removed under vacuum and the reaction mixture has been fractiona-
ted by column chromatography, over silica gel (acme 80-120 mesh) by s tep-
wise elution using benzene, mixture of benzene and acetone and finally 
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methanol yielding to seven fractions. The fractions have been further 
punfied by cdumn chromatography and recrystallization resulting in com-
pounds (G) and (H) in the order of decreasing mobility. 
3.1.2 In this investigation, two compounds (G) and (H) have been obtained. 
The compound (G) is a white solid with m.p. 168-170°C (ethyl acetate) , 
corresponded with the bicyclo nonane-2-9-dione structure (£) (section 2.2.1) 
tliat has been obtained in the reaction of 2-methyl-4-benzylidene-5-oxazolone 
with N-pyrrolidino cyclohexene (compound D, section 2.3). Thus i t is concluded 
that compound (G) and compound (D) are identical (Table 5). 
Table 5 
Compound G Compound D 
IR Mass ^H NMR IR Mass ^H NMR 
KBrcm'^ 285 7.26(5H)(m) KBr cm ^ 285 7.26(5H)(m) 
3320 (NH), aromatic, NH proton 3320 (NH), aromatic, NH proton 
1740,1710 merged in aromatic 1740,1710 merged in aromatic 
(1,3-di- multiple^ (1,3-di multiplet, 
carbonyl). Ha: 5.78 J , =9Hz carbonyl), „^ t- -,Qd-, _„„ 
i r r r \ aJD t r/-r\ tiaX D./o J , —yMZ 
1660 „, . _oq^ „„ 1660 ab 
Hb: 4.58%^=9HZ, ^^,^ 4.5B%^^=9Hz, 
(NH^CH3) J ^ = 1 1 H z , ( ^ « ^ C " 3 ^ 
He: 3.02 , ,. o n-^ m 
1.84(3H) NHC0Cii3 1.B4(3H) NHCOCH He: 3.02 
3U 
3.2 Compound H 
+. 3.2.1 The compound H is a light brown solid with m.p. 168°Cand M * 274 
14 
resembling that of N-morpholino cinnamamide reported eai l ier . IR (KBr) 
0 
suggests the presence of NH (3240 cm~^, CH^C-NH (1625 cm~b and 
«^_yN-C- (1675 cm ). The compound H has been assigned structure (13). 
Ph. ^H 
II 
o 
H3C' 
0 
II 
. C - N - X - N 
II N 
0 
(13) 
(H ) 
3.2.2 The H NMR spectrum Fig. 11 shows the presence of all the 
eighteen protons. The signal a t 9.31 is assignable to the NH proton 
(exchangeable with D^'-'^ which seems to be strongly hydrogen bonded. 
The five aromatic protons appear as a multiplet a t /.35-7.28. The vmylic 
proton resonates a t 5.74 (s) and the two 0-CH„ (4H) protons appear as 
a singlet a t 3.66 and the two NCH„ protons resonate a t 2.10. 
3.2.3 The mass spectral fragmentation pattern has been discussed in chapter 4. 
3.3 Summary 
3.3.1 The reaction of N-morpholmo cyclohexene with 2-methyl-4-benzylidene-
5-oxazoione resulted in the formation of two compounds (G) and (H) tha t 
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have Ix^cn isolated by column chromatography and alphabetically named 
in the order of elution. 
3.3.2 compound (G) has been found to be identical with compound (D) 
and has been assigned structure {9). 
3.3.3 Compound (H) has been characterised as the N-morpholmo connama-
mide derivative of s tructure (13). 
3.3.4 Thus the structure of the unidentified product XI reported in the 
earlier studies on the reactions of N-pyrrolidmo cyclohexene with 2-methyl-
4-benzylidene-5-oxazolone and N-morpholino cyclohexene with 2-methyl-
4-benzylidene-5-oxazolone has been unequivocally established as (9^ ). 
3.3.5 The N-morpholino cyclohexene is a weaker enamine compared 
to the N-pyrrolidino cyclohexene. The N-morpholmo cinnamamide is 
formed in greater quantities than the corresponding N-pyrrohdmo cinnam amides. 
This may be taken to indicate that the direct formation of cinnam amides 
over-weigh the enamine reaction producing intermediates I and I ' . 
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4. MASS SPECTRAL FRAGMENTATION 
4.0 The mass spectral fragmentatxons of compouncJs (D), (E), (F), (G) 
and (11) have been discussed m t±is chapter. In some cases the molecular 
ions underwent interesting Mclafferty rearrangements giving n s e to base 
peaks and other fragment ions. These have been discussed with respect 
to individual compounds in the foUowing sections. 
4.1 Compounds (D) and (G) 
4.1.1 Compounds (D) and (G) have been shown to be one and the same. 
Their mass spectra are also identical. The data on fragments with relative 
abundances are given m Table 1. 
Table 1 
M/i 7S5(M^-), 270, 257, 243, 242, 226, 214, 198, 185, 170, 119, 118, 91, 43. 
I^ B, 2, 4, 3, 2, 24, 3, 40, 20, 37, 23, 18, 38, 100. 
4.1.2 The probable fragmentation pat tern is depicted below (Scheme 1] 
CH3C=0 (100) 
A3 
M—CH2-C = C 
Scheme - 1 
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4.1.3 As expected m/z 43 is the base peak in this spectrum. Loss of carbon 
monoxide from the parent compound is not a prominent process though 
i t IS a dione. However, m/z 257 anses from the loss of bridge carbonyl 
which is a minor process. This ion produces m/z 214 through an in teres t -
ing rearrangement. This peak can also ansa from the parent compound 
by the successive loss of 43 and 28. 
The most signifLcant feature is the Mclaffei-ty rearrangement resulting 
in the formation of m/z 226 from which two carbonyls are lost successively 
to produce m/z 170. The formation of m/z 91 may be accounted for from 
m/z 119 and m/z 118, producing i t by a hydnde transfer and cleavage while 
the former undergoes prototopic shift fdlowed by cleavage. Another unique 
manner in which m/z 91 is formed is from m/z 170 by the loss of phenyl 
and two hydrogens. Thus all the m a p r fragments and the m a p r fragmenta-
tion pathways have been postulated. 
4.2 Compoiond (E) 
4.2.1 Compound (E) has been shown to be the tetrahydroazamdanone deniva-
tLve (J_1_)- This compound exhibits a number of fragmentation pathways 
which are depicted in Scheme 2 and the data presented in Table 2. 
Ph^ M O v„ '^' 
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Table 2 
M/z 155(M+'^' ^23, 322, 268, 240, 226, 225, 193, 197, 179, 137, 135, 122, 118. 
1% 22, 2, 5, 33, 2, 64, 5, 2, 2, 100, 60, 5, 2, 3, 
M/z 117, 109, 91 , 57, 43. 
1% 13, 21 , 33, 5, 41 . • 
4.2.2 In tliis compound also, loss of carbon monoxide does not seem to 
te t±io premier process of fragmentation. However, carbon monoxide loss 
is felt in the course of fragmentation pathways. 
The chief pathway seems to be Mdafferty rearrangement to produce 
the base peak m/z 179 which further fragments to m/z 136 and ultimately 
to m/z 55. Loss of 42 and 43 leading to m/z 323 and m/z 322 respectively 
seem to be equally efficient. M/z 137 results from m/z 323 ion while m/z 225 
and i t s fraqments result from m/z 322. B( sides thc'sc fragmentations, the 
loss of cyclohexanone moiety gives the ion m/z 268 from which the ion 
m/z 226 and i t s fragments are formed. Alternatively m/z 268 may decompose 
to m/z 240 and subsequentiy to m/z 137 of a different structure from the 
earlier fragment of the same mass. I t is noteworthy that the fragmentation 
pathways are governed by the azaindanone moiety ra ther than by tiie cyclo-
hexanone substituent, since the cyclohexanone carbonyl is not involved in 
the formation of molecular ion. Fragments m/z 179, m/z 268, m/z 226 
n 4-
CH3CO 
43 
-^  H II \ 
0 
M** 258 
CEO 
I 
M 
i C]~C 
H 
/~1 
N - C - N 
Ho II V_ 
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H 
CH3CON C=0 
^ 188 
98 70 
b.p. 
H 
130 
I 
H » ^ 
CH3CO N 
160 
+ 
77 
o 
J 
VA 
C = NH2 (0U. =iNH -h 
118 V^ 117 
C=N 
t " 
91 
Scheme-3 
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and m/z 137 are t±ie major peaks in the spectrum, aU incorporating the 
cyclohexanone moiety. 
4.3 Compound (F) 
4.3.1 Compound (F) has been characterised to be the e^-acetamido N-pyrroli-
dino cLnnamamide (12). This exhibits a simple fragmentation pattern. 
4.3.2 The mass spectral data are presented in Table 3 and the fragmentation 
pattern is depicted in (Scheme 3). 
Table 3 
M/z 253(M^'), 216, 188, 160, 130, 118, 117, 98, 9 1 , 77, 70, 43. 
1% 22, 10, 2, 3, 2, 19, 19, 5, 12, 1, 100,42. 
4.3.3 The chief fragmentati.on pathway seems to be the loss of 160 units 
to produce m/z 98 from which the base peak m/z 70 is formed. Formation 
of m/z 43 is expected from the structure. The second major pathway seems 
to he the loss of 70 units to produce m/z 188 from which are formed m/z 130, 
m/z 160 and their fragment ions. The isomerization of the ion m/z 117 
from ketene imine to the nibdle is an interesting observation. Another 
significant route is the loss of ketene to produce m/z 216 from which is 
CH3C0 
43 
•0' 
86 
b.p. 
:C=^0 
4-
n 
C=N 
i 
SCHEME-A 91 
45 
formed m/z 118 via m/z 146. Thus all t±ie ions may be accounted for in 
the mass specbaim of compound (F). 
4.4 Compound (H) 
4.4.1 The compound H has been characterised as c5<,-acetamido N-morpholino 
cinnamamide (13). This exhibits a close similarity to the mass spectrum 
of compound (F). 
4.4.2 The mass spectral data are presented in Table 4 and the fragmentation 
pat tern is depicted in (Scheme 4). 
Table 4 
M/z 2 7 4 ( M ' ^ " ) , 232, 183, 130, 118, 117, 9 1 , 86, 43. 
T* 18, 28, 7, 2, 55, 25, 22, 100, 78. 
4.4.3 The fragmentation pattern is similar to that of compound (F) in that 
the base peak formed is m/z 86 corresponding to m/z 70. M/z 232 corresponds 
with m/z 216 and aU other peaks are common to fcoth the spectra. 
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4 . 5 Summary 
4 . 5 . 1 Bicyclononane-2,9-dione compounds (D) and (G) showed the charac-
terist ic Mclafferty rearrangement resulting in the formation of m/z 226 
from the molecular ion m/z 285. Loss of carbon monoxide does not seem 
to be the principal process of fragmentation, though i t is a dione. The 
formation of fragments m/z 137, m/z 214 and 91 are noteworthy. M/z 
137 has been shown to have different s t ructure depending on the mode 
of formation. M/z 214 is formed by an interesting rearrangement. M/z 91 
is formed in several ways (i) from m/z 118 by a hydride transfer and cleavage, 
(ii) by a prototropLc shift formed by cleavage from m/z 119 and by the 
loss of phenyl and two hydrogens from m/z 170. 
4.5.2 Tetrahydroazaindanone compound (E) showed the Mclafferty rearrange-
ment as the chief pathway producing the base peak m/z 179 from the molecu-
lar ion m/z 365. The fragmentation pathways in this system are governed 
'•y/ the azaindanone moiety ra ther than by the cyclohexanone substituea":. 
4.5.3 C\_ -acetamido-N-pyrrolijdino cinnamamide compound (F) showed 
'die characteris t ic isomerisation of the ion m/z 117 from ketene imine 
i:o nitrile. 
4.5.4 0 ( . -acetamido-N-morpholino-cinnam amide compound IH) showed 
the similar fragmentation pat tern as that of compound (F). 
Thus extensive Mclafferty rearrangements, isomerisations and 
unsual pathways have been recognized in the formation of base peaks and 
frag m entations. 
47 
5. SUMMARY 
5.1 Reactions of enamines leading to various cyclic products have been 
reviewed and the potentiality of various ena mines in this respect has been 
exemplified. I t is fel t t h a t 2-substituted-4-benzylidene-5-oxazolones should 
be a t t rac t ive substrates in t h a t after they are opened by the ena mines,they provide 
opportunity for cyclization into novel products. An account of the preliminary work'^ 
has also been reviewed. This has led to a detailed study of this reaction 
in the present work. 
5.2 The reaction of N-pynrolidino cyclohexene with 2-methyl-4-benzylidene-
5-oxazQlone has been reinvestigatied in detaiL Six compounds* named by 
alphabets (A), (B), (C), (D), (E) and (F) have been isolated from the reaction 
mixture by column chromatography. Out of the six products, three have 
been found to be new ones, viz., (A), (B) and (C). While (A) and (B) form 
a pair of closely resembling structures,(C) arises from the hydrolysis of 
intermediate (I) formed by Michael addition of enamine t o oxazolone. Compound 
(D) corresponds with the unidentified product XI reported in ead ia r studies. 
Compounds (E) and (F) are the azaindanone and cinnamamide derivatives 
respectively. 
Compounds (A) and (B) are found from the react ive intermediate (D 
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CGHS M 
(7) 
H5C6 
f^s C6H5 , , 
H(e) H3C-CHN 
o 
(9) 
H5C6 
H3C-CN 
•^  H 
H 
.-G 
(12) 
(ID 
H3C-
II J l / — \ 
0 
and give rise to a?aindanone derivatives, 
0. 
(13) H 
iQ CHC6H5 
N® 
( I ) 
The sbructaces of (A) and {B) have been esbahlished Erom an analysis 
of ^H NMR spectra. 
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The compound (C) results from t±ie direct hydrolysis of intermediate (I). 
I t seems to be a true hydroxy oxazde stabilized by the 4-substLtuent. 
H5C6 
H^ C 
( I ) 
The evidence adduced for the s tructure of compound (C) is based 
1 
on the analysis of H NMR spectra. 
The compound (D), the uncharacterised product XI of the earlLer report , 
has been found to be the bicyclononadione derivative. The structure has 
been established on the basis of IR and NMR studies. 
The compounds (E) and (F) have been found to correspDnd with tetrahydro-
azaindanone and the N-pyrroLidino-cinna in amide derivatives respectively 
on the basis of a comparison with earlLer report . 
A rat ional mode of formation of these products has been postulated follow-
ing the general mechanism based on the two initialLy formed reactive inter-
mediates (I) and (D. 
5.3 The reaction of N-morphoHno cyclohexene with 2-methyl-4-benzylijdene-
5-oxazolone has been investigated and two compounds (G) and (H) have 
been isolated. Compound (G) corresponded with the uncharacterised product XI 
and has been shown t o be the same product as ',D) isolated from the reaction 
of N-pyrrolLdino cyclohexene with 2-methyl-4-benzylidene-5-oxazolone. 
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The hicyclononadione structure {9) has been assigned to prcx3uct (G). The 
other product (H) has been shown t o be the o(-acetamido-N-morpholino-
cmnamamide (13) corresponding to s tructure (12). 
The less react ive nature of N-morphohno cycLohexene is reflected in the 
absence of azaindanone based derivatives ansmg from the react ive in ter -
mediate (D. 
5.4 The mass spectral fragmentations of compounds (D), (E), (F) and (H) 
have been studied. Interesting features such as Mclafferty rearrangements, 
isomenzabLons and unusual pathways have been recognized in the formation 
of base peaks and other fragment ions. 
Compound (D) exhibits Mclafferty rearrangement m preference to 
the usual loss of carbon monoxide. The fragment m/z 91 is shown to anse 
both from the aromatic nng and cyclohexanone moiety. Interesting proto-
topic shift/hydnde transfer has been noticed in these fragmentations. Compound 
(G) being the same as (D) exhibits the same features in the mass spectrum. 
Compound (E) also predominantly undergoes Mclafferty rearrangement 
to produce the base peak. The fragment ions m/z 137 has been shown to 
have different structure depending on the mode of formation. Compounds (F) 
and (H) exhibit closely resembling mass spectral fragmentatuon and differing 
only in N-pyrrohdino and N-morpholmo groups. The chief fragmentation 
pathway in both seems to be the loss of 160 units followed by the production 
of base peaks m/z 70 and m/z 86 respectively. AU. the other fragments 
being common the same pathways have been postulated for their formation. 
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6. EXPERIMENTAL 
2- M ethyl-4-benzylidene-5-oxazQlDne 
A mixture of acetylglycine (21g), re-distdlled bBnzaldehyde (37.5 ml), 
anhydrous sodium ace ta te (15g), a c e d c anhydride (6.2 ml) was warmed on 
a water bath (20 min) with occasional stirring. The solution was refLuxed 
(1 h) cooled and left in a refrigerator for 18-20 h. The resiiLting yellow 
crystalline mass was stirred with c^ oM water, filtered and washed with a 
Uttle e ther and recrystaUized from ethyl ace ta te giving yeUow crystalline 
needles m.p. 150°C (35g). 
Spectral data : 
IR: KBr Carboxyl (1775 cm" ' \ 1650 cm~^) 
Mass: M"*"' 187. 
^H NMR: 8.06-8.01 (m) (2H) aromatic, 7.46-7.38 (m) (3H) a'omatLc, 
7.12 (s) (1H) vinylic, 2.38 (s) (3H) CH^. 
N-Pycrolidino cyclohexene 
A solution of cyclohexanone (30.1 ml), pyrrolidine (34.5 ml) and 
150 ml of benzene were refLuxed in a round bottomed flask which was 
connected to a Dean Stark apparatus. The reaction was continued under 
nitrogen atmosphere until the separation of water ceases for (5 h). The 
excess pyrrolidine and benzene wire removed under high vacuum. The 
resulting r e i d u e was stored in the refrigerator and distilled just before 
use (b.p. 105-106°C a t 13 mm). 
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Spt3Ctral data : 
^H NMR: 4.25 (s) vmylLC, 3.06-2.90 (t) (4H) - N ' : H 2 , 2.09-1.72 (m) 
(12.-1) other protons. 
N- M or:ig*>olinocyclohexene 
A solution of cyclohexanone (1.50 mole), morphohne (1.80 mole), 
p-toluene-sulfonic acad (1.5 g), 300 ml of toluene were refluxed m a round 
bottomed flask which was connecte.1 to the Dean Star t apparatus under 
reflux condenser (5 h) until no water separates. The reaction mixture was 
distilled under high vacuum to remove the solvent toluene and excess mor-
phcdine and the resj l t ing residue was stored in the r e f n g e r a t o ' and distilled 
3ust before use. (b.p. 118-120°C, 110 mm). 
Spectral data : 
^H NMR: 4.65 (s) (1H) vuiylic, 3.64-3.76 (4H) OCH2, 2.89-2.69 (4H) 
NCd^, 2,05 (2H) alLy]ic CH2, 1.80 (6H) other CH2. 
Reaction between N-pyrrolidine cyclDhexene (1) and 2-methyl-4-benzylidene-
5-oxazQlDne (2) 
1 (0.06 mde) and 2 (0.05 mde) dissolved m dry benzene (100 ml) 
was kept a t room tempnrature, until the presence of (2) could no longer 
be detected on TLC (1 h). After the removal of the solvent undi^r vacuum, 
the reaction mixture (7.5 g) dissolved m benzene (25 ml) was subjected 
to column chromatography over silica gel (a::me 80-120 mesh) by stepwise 
elutLon usmg benzene and combinations of benzene-acetone and finally 
methanol yielding seven fractions. Each of the above fractions was furtht^ 
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pudfLed oy repeti t ive column chromatography (acme 80-120 mesh) and recrys-
taUization resulting in seven compounds designated as compounds A,B/C, 
D,E and F in the decreasing order of elutLon (Table 1 ). 
Table 1 
Frac- Volume 
tLon 
Nature of the solvent (ml) Remarks 
200 ml 
n 203 ml 
HI 200 ml 
IV 200 ml 
V 200 ml 
VI 200 ml 
VH 200 ml 
Benzene 
Benzene:acetone (90:10, 80:20) 
Benzene:acetone (70:30, 60:40) 
Benzene:acetone (50:50, 40:60) 
Benzene:acetone (30:70, 20:80) 
Benzene:acetone (10:90, 100 
acetone) 
Methanol (100) 
Compound A and B 
major components. 
Compound C major 
component. 
Compound C major 
component. 
Compound D major 
component. 
Compound E major 
component. 
Compound F major 
component. 
Compound F major 
component. 
Fraction I was purified by four repeti t ive column chromatography 
to obtain two pure compounds A and B, yellow viscous residue, homogeneous 
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on TLC (Bz:EtOAc; 8:2) 10 mg each, using stepwise clution of the mixture 
of Benzene-EtO Ac and pure EtOAc. 
Fraction II, was purified by three repeti t ive column chromatography 
using stepwise elutLon of Benzene:EtOAc, yielding a pure compound C, 
low melting soUd, homogeneous on TLC (Bz:E':OAc, 8:2) 35 mc 
Fraction HI was" purified by fo'jr repeti t ive column chromatography 
using stepwise elution of the combination of benzene-EtO Ac yielding tlie 
same compound C (55 mg). 
Fraction IV was purified by two repeti t ive column chromatography 
(CHCl-,-EtOAc-stepwise elution) and folLowed by two successive recrystaUi-
zations (EtOAc) yielding comp<3ijnd D. White solid m.p. 168-170°C, homoge-
neous on TLC (Bz:EtOAc, 8:2) 350 mg. 
Fraction V was purified by three repeti t ive column chromatography 
using stepwise elution of the combination of CHCl-,-EtOAc folLowed by 
recrystallizatLon (EtOAc) yielding puce compound E white solid m.p. 146°C, 
homogeneous on TLC (Bz:EtOAc 8:2) 320 mg. 
Fraction VI was purified by two repeti t ive c d u m n chromatography 
using the stepwise elution of the combination of C HCl-,-acetone fdlowed 
by three recrystallizations (EtOAc) to yield pure compound F, white solid 
m.p. 162°homogeneous on TLC (EtOAc) 1.625 g. 
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Table 2 
Consolidabed spectral data 
Com- MoLformula m.p. IR Mass NMR 
pound 
A C-nH ,N 0„ L°w CHCI3 cm 338 7.81-7.78(2H) (m) aromatic 
1680 (CH^-CO-N-) 7.37-7.17(3H)(m) aromatic, 
7.37-7.25(1 H)(m) vinylLC 
merged in one se t of aromatic 
1600 ( C-0) protons, 2.49(3H)(s) -CH^, 
1.56(s) methin=^ proton, 
2.89(2H)(m), 2.21(2H)(m) 
two sets of -N C H „ protons 
due to non-egoivalence, 
1.86-1.25(12H)(m) other 
-CH^ protons. 
B C^.H^^N^O, Low CHCl3cm 333 7.81-7.78(2H){m) aromatic 
2^ 26 -^  -^  7.37-7.25(3H){m) aromatic, 
1680 (CH3-CO-N-) 7.37-7.25(1 HKm) vmylic 
_ merged m one se t of aromatic 
1600 ( C-0) protons, 2.49(3H)(s) -CH^, 
1.81(s) methme proton, 
2.52(2H)(m), 1.90(2H)(m) 
two sets of -NCH„ protons 
due t o non-equivalence, 
1.86-1.25(12H)(m) other 
-CH„ protons. 
C C H „N0^ Low CHCU 285 7.81-7.70(24)(m) aromatic 
'^ -1 7.50-7.35(3H)(m) aromatic, 
3^00 (OH) 6.81(1H)(s)hydroxyl 
m n (;AO proton. 
i / ju , ibbJ 3.83(1 H) broad Ha, ' _ o _ 0) 3.52(1 H) broad Hb, 
1.25(3H) methyl protons 
merged m CH„ envelope, 
2.85-1.85(8HT(m) other CH. 
contd. 
5G 
Com-
pound 
D 
E 
F 
Mol. formula 
S7"l9^°3 
'-23"27-^'=^3 
S5^^18^2S 
m.p. 
168-
170°C 
146°C 
162°C 
IR Mass 
KBr cm~^ 285 
3320(NH), 
1740,1710 
(1,3-dicar-
bonyl 
1660(NH-
C-CH^ 
-1 KHT cm 365 
1700(C=O), 
1675(]ac-
tam ?.=0), 
1660(NC-CH^) 
KBccm" 2'^ 8 
3150(NH), 
1640(CH3CN-), 
1680 
(C-N ). 
NMR 
7.26(5H)(m) aromatic 
NH proton merged in 
aromatic multipLet, 
5.78^ Ha (1H), 4.58^ Hb(1H), 
3.02 He (1H). 
1.84 NH C0C_H_2 (3H). 
4.74(d) (Ha), 3.50(d,d) (Hb), 
3.95(d,t) (He), 2.48 (3H) 
C-CH_^). 
1.2-2.7 other protons. 
9.45(s)(1H) NH proton. 
9.41-7.28(5H)(m) aromatic. 
5.7(1 H)(s) vinylic, 
3.6(2H)(m), 
3.4(2H)(m) two sets of 
N-C ri „ protons due to 
1.87(3H)(s) N-C-CH^, 
1.79(m) other 
CH^. 
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Reactdon between N-inQcpiioilino cyclDhexene (4) and 2-methyl-4-benzYlidene-
5-oxazoilone (2) 
4 (0.06 mole) and 2 {0.05 moLe) dissolved in dry benzene (100 ml) 
was kept a t room temperature, until the presence of (2) could no longer 
be detected on TLC (1 h). After the removal of the solvent under vacuum, 
the reaction mixture (8.2 g) dissolved in benzene (25 ml) was subjected 
to column chromatx)graphy over silica gel (acme 80-120 mesh) by stepwise 
elution using benzene and combinatLons of benzene and combinations of 
benzene-acetone and finally methanol yieLding seven fractions. Each of 
the above fractions were repeatedly recrystaUized resulting in two compounds 
designated as compounds G and H (Table 3 ). 
Table 3 
Frac- Volume 
tlon 
Nature of the solvent (ml) Remarks 
V 
VI 
200 ml 
H 200 ml 
m 200 ml 
IV 200 ml 
200 ml 
200 ml 
VH 200 ml 
Benzene 
Benzenetacetons (90:10, 80:20) 
Benzene:acetone (70:30, 60:40) 
Benzene:acetone (50:50, 40:60) 
Benzene:acetone (30:70, 20:80) 
Ben.^ene:acetone (10:90, 100) 
Methanol (100) 
Compound G major 
component. 
Compound G major 
component. 
Compound H 
major component. 
Compound H 
major component. 
Compound H 
major component. 
Compound H 
major component. 
Compound H 
major component. 
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Fraction I was puxiELed by two repeti t ive column chromatography 
(CHC1-, - EtOAc), yielding compound G white solid m.p. 168-170°C homo-
geneous on TLC (Bz:EtOAc 8:2), 200 mg. 
Fraction H was purified by column chromatography using combinations 
of CHCl- 0 EtOAc followed by two recrystaUizations yielding the same 
compound G, 125 mg, m.p. 158-170°C. 
Fractions m , IV, V and VT were purified independently by column 
chromatography using mixtures of CHCl^ - acetone in the stepwise elution 
followed by two successive recrystaUizations (EtOAc) yielding compound H, 
m.p. 168° 1.86 g. 
Table 4 
Consolidated spectral data 
Com-
pDjnd 
G 
H 
^loLformula 
H N 0 17 19 3 
C l 5 « 1 8 ^ 2 ° 3 
m.p. 
o 
168-170 C 
168°C 
IR Mass 
KBrcin" 
3320(NH), ^"^ 
1740,1710 
(1,3-dicar-
bonyl) 
1650{NH-
C-CH ) 
KBr cm~^ 
3240(NH), 274 
1625 
(CH^CONH), 
NMR 
7.26(5H)(m) aromatic 
NH proton merged in 
aromatic multiplet, 
5.78^ Fa (1H), 4.58^ 
Hb(IH), 3.02 Hc(1H)(m) 
1.84 NH COCH^ (3H). 
7.35-7.28(5H)(m) aromatic 
5.74(1 H)(s) vinyUc, 
3.66( O-CH2) (4H) (s) 
1675 
CO-
2.10(NCH2) (4H) (s). 
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